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CHG DATE=20010302 STATUS=0>&ORDF; &ORDF; &ORDF; &ORDF; An 
end of a block 18 

formed on a tread surface of a tire is chamfered in such a 
manner that a 

curvature of a chamfer increases toward the 'end of the 
block . Accordingly, a 

ground contact pressure which usually increases locally at 
the end of the block 

18 is equalized and handling stability of the tire 
improves . Particularly, 

since the curvature changes, the ground contact pressure 
can be controlled 

corresponding to an actual distribution of ground contact 
pressure. As a 

result, the ground contact pressure can be equalized still 
further and an 

improvement in handling stability of the tire is achieved. 
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(54) PNEUMATIC TIRE 

(57) An end of a block 1 8 formed on a tread surface 
of a tire is chamfered in such a manner that a curvature 
of a chamfer increases toward the end of the block. 
Accordingly, a ground contact pressure which usually 
increases locally at the end of the block 18 is equalized 
and handling stability of the tire improves. Particularly, 
since the curvature changes, the ground contact pres- 
sure can be controlled corresponding to an actual distri- 
bution of ground contact pressure. As a result, the 
ground contact pressure can be equalized still further 
and an improvement in handling stability of the tire is 
achieved. 
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Description 

FIELD OF THE INVENTION 
5 [0001] The present invention relates to a pneumatic tire improved in handling stability. 
BACKGROUND ART 

[0002] In conventional pneumatic tires, normally, the height of each block is fixed (see Fig. 1 9). 
10 [0003] The block 100 deforms (at the time of running) as shown in Fig. 20B, and a ground contact pressure of a 
tread surface 1 02 becomes ununiform (that is, the ground contact pressure becomes higher at ends of the block; see 
Fig. 20A). Therefore, it becomes difficult that braking force or driving force be transmitted from the entire tread surface 
1 00 to a road surface 1 04. 

[0004] A portion of the block 1 00 is worn down in an early stage due to the ununiformity of ground contact pressure, 
15 that is, uneven wear is apt to occur. Further, when shear stress caused by local concentration of ground contact pres- 
sure is input, only a region in the vicinity of a ground contact end of the block 1 00 at an input side of shear stress con- 
tacts the road surface locally in high pressure, and the tread surface 102 is turned up (see Fig. 21). As a result, the 
handling stability of tires is adversely affected. 

[0005] In order to improve ground contact characteristics of tires, improvements of a tread pattern and the like have 
20 conventionally been made. However, under the existing circumstances, there is a limit to the improvement because the 
aspect of water drainability or the relationship with other various characteristics must be considered simultaneously. 
[0006] Further, there has also been made an improvement in which a region in the vicinity of the ground contact 
end of the block is chamfered for the purpose of making the ground contact pressure uniform. For example, it is general 
that an end 106 in which the ground contact pressure concentrates be tapered as shown in Fig. 22 or be chamfered 
25 substantially in an R-shaped manner as shown in Fig. 23. 

[0007] In order that the ground contact pressure be made uniform by chamfering the block in an R-shaped manner, 
it is not necessary that the R-shaped curved surface be tangent to a groove surface 1 08 at the ground contact end of 
the block. 

[0008] Accordingly, it is known that chamfering In which an R-shaped curved surface only tangent to the ground 
30 contact surface is provided as shown in Fig. 24, is very effective. 

[0009] However, since a single curvature is used in the above-described chamfers, the effect of equalizing the 
ground contact pressure is not sufficiently obtained, although the ground contact pressure at the end of the block is 
reduced. 

[0010] It is necessary for the purpose of further improvement in handling stability that the shape of the chamfer 

35 faithfully corresponds to the ground contact pressure distribution. 

[0011] Further, as disclosed in Japanese Patent Application Laid-Open (JP-A) No. 62-279105, a technique has 
been proposed in which a convex (chamfered) shape is formed at an upper portion of a block and along a circumferen- 
tial or transverse direction of a tire. However, it is hard to obtain a tread surface of the block in which the above- 
described effect consists with other various characteristics only by using such technique. Furthermore, normally, deter- 

40 mi nation of the shape of the tread surface is based on trial and error, and is also attended with difficulties. 
[0012] The reason why is described below. 

[0013] First, the distribution of ground contact pressure depends on the configuration of a tread pattern and is 
affected by deformation of the block to which input is applied (for example, deformation from the state of Fig. 1 9 to that 
of Fig. 20B, or deformation from the state of Fig. 1 9 to that of Fig. 21 ). Therefore, it is difficult to predict the distribution. 
45 [0014] Further, there are various inputs applied to tires, and it is therefore very difficult to uniquely determine an aim 
for improvement suitable for all of the inputs. 

[0015] Accordingly, a technique is demanded in which a method for changing a distribution of chamfer on the sur- 
face of the block is uniquely defined. 

[0016] It is therefore an object of the present invention to provide a pneumatic tire in which ununiformity of ground 
so contact pressure is prevented by defining a proper height of each block on the tread pattern, and handling stability and 
uneven wear resistance are improved. 

MEANS FOR SOLVING THE PROBLEM 

55 [0017] In order to solve the above -described problems, the invention described in claim 1 is a pneumatic tire in 
which a plurality of blocks demarcated by circumferential grooves extending in a circumferential direction of the tire and 
grooves intersecting the circumferential grooves, are provided on a tread, wherein at least a portion of a block edge is 
chamfered from the side of a block center to a groove wall surface of each of the blocks; a heightwise cross sectional 
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form of a chamfer portion perpendicular to the groove wall surface is formed by a combination of a plurality of chamfer 
forms; and an angle formed by a tangential line of the chamfer portion with respect to a horizontal extension line of the 
surface of the block center in a heightwise cross section perpendicular to the groove wall surface increases from the 
side of the block center to the side of the block end. 

5 [0018] The invention described in claim 2 is characterized in that, in the invention described in claim 1 , the cross 
sectional form of the chamfer portion is provided such that the block central side thereof (a portion of the cross sectional 
form of the chamfer portion on the block central side) is formed as a straight line portion and the block end side thereof 
(a portion of the cross sectional form of the chamfer portion on the block end side) is formed by at least one curved line 
portion having a fixed curvature. 

w [0019] The invention described in claim 3 is characterized in that, in the invention described in claim 1 or claim 2, 
the cross sectional form of the chamfer portion is comprised of two curved line portions having different curvatures. 
[0020] The invention described in claim 4 is characterized in that, in the invention described in any one of claims 1 
to 3, when in the heightwise cross section perpendicular to the groove wall surface, a length of the chamfer portion 
measured along a horizontal extension line of the surface of the block central portion is represented by L1 and a like- 

is wise measured length of the block is represented by L0, the ratio L1 /L0 is in the range from 0.02 to 0.3. 

[0021] The invention described in claim 5 is characterized in that, in the invention described in any one of claims 1 
to 4, a distance, measured along a radial direction of the tire, between the horizontal extension line of the surface of the 
block central portion and an intersection point of the chamfer portion and the groove wall surface is in the range from 
0.10 mm to 2.50 mm. 

20 [0022] The invention described in claim 6 is characterized in that, in the invention described in any one of claims 1 
to 5, when a heightwise distance between a groove bottom of the block and the intersection point of the chamfer portion 
and the groove wall surface is represented by H1 and the maximum height of the block is represented by HO, the ratio 
H1/H0 is greater than or equal to 0.75 and less than 1 .0. 

[0023] The invention described in claim 7 is characterized in that, in the invention described in any one of claims 1 
25 to 6, the cross sectional form of the chamfer portion changes at a peripheral edge of the block for each portion of the 
block. 

[0024] The invention described in claim 8 is characterized in that, in the invention described in any one of claims 1 
to 7, a peripheral protuberant portion is formed on a tread surface of the block in the vicinity of the end edge thereof in 
such a manner that the height of the block gradually decreases toward the block end edge and also toward the central 
30 portion of the block. 

[0025] The invention described in claim 9 is characterized in that; in the invention described in claim 8, the periph- 
eral protuberant portion is formed in at least both end edge portions of the block in the cross section of the block taken 
along the heightwise direction. 

[0026] The invention described in claim 10 is characterized in that, in the invention described in claim 8 or claim 9, 
35 the peripheral protuberant portion is disposed in vicinities of the end edges at both sides of the block in the circumfer- 
ential direction of the tire. 

[0027] The invention described in claim 11 is characterized in that, in the invention described in any one of claims 
8 to 1 0, the peripheral protuberant portion is disposed in vicinities of the end edges at both side of the block in the trans- 
verse direction of the tire. 

40 [0028] The invention described in claim 12 is characterized in that, in the invention described in any one of claims 
8 to 1 1, a dimension HH1 measured along a radial direction of the tire, between an intersection point of a groove wall 
surface of the block and the peripheral protuberant portion, and a height position of a top of the peripheral protuberant 
portion is in the range from 0.1 to 2.5 mm. 

[0029] The invention described in claim 13 is characterized in that, in the invention described in any one of claims 
45 8 to 12, a dimension HH2 measured along the radial direction of the tire, between a maximum depth portion in a central 
region of the block and the height position of the top of the peripheral protuberant portion is in the range from 0.1 to 2.50 
mm. 

[0030] The invention described in claim 14 is characterized in that, in the invention described in any one of claims 
8 to 13, the ratio between the dimension HH1 measured along a radial direction of the tire, between an intersection 
so point of a groove wall surface of the block and the peripheral protuberant portion, and a height position of a top of the 
peripheral protuberant portion, and the dimension HH2 measured along the radial direction of the tire, between a max- 
imum depth portion in a central region of the block and the height position of the top of the peripheral protuberant por- 
tion, that is, HH2/HH1 , is 1 .5 or less. 

[0031] The invention described in claim 15 is characterized in that, in the invention described in any one of claims 
55 8 to 14, a dimension LL1 measured in a direction of the tread surface, between the intersection point of the groove wall 
surface of the block and the peripheral protuberant portion, and the top of the peripheral protuberant portion is 1 0.0 mm 
or less. 

[0032] The invention described in claim 16 is characterized in that, in the invention described in any one of claims 
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8 to 15 P with respect to the dimension LL1 measured in a direction along the tread surface between the intersection 
point of the groove wall surface of the block and the peripheral protuberant portion and the top of the peripheral protu- 
berant portion, and a dimension LL2 measured in the direction along the tread from the top of the peripheral protuberant 
portion to the maximum depth portion in the central region of the block, LL1/LL2 is 2.0 or less. 

5 [0033} The invention described in claim 17 is characterized in that, in the invention described in any one of claims 
B to 16, with resect to the dimension HH1 measured along a radial direction of the tire, between an intersection point of 
a groove wall surface of the block and the peripheral protuberant portion, and a height position of a top of the peripheral 
protuberant portion, and the dimension LL1 measured in a direction along the tread surface, between the intersection 
point of the groove wall surface of the block and the peripheral protuberant portion, and the top of the peripheral protu- 

10 berant portion, HH1 / LL1 is 1 .0 or less. 

[0034] The invention described in claim 18 is characterized in that, in the invention described in any one of claims 
8 to 17, with respect to the dimension HH2 measured along the radial direction of the tire between a maximum depth 
portion in a central region of the block and the height position of the top of the peripheral protuberant portion, and the 
dimension LL2 measured in the direction along the tread from the top of the peripheral protuberant portion to the max- 

75 imum depth portion in the central region of the block, HH2/LL2 is 1 .0 or less. 

[0035] The invention described in claim 19 is characterized in that, in the invention described in any one of claims 
8 to 1 8, the ratio between the maximum height HO and the minimum height T1 of the block, that is, TT/H0 is set in the 
range of 0.75 < T1/H0 < 1.0. 

[0036] The invention described in claim 20 is characterized in that, in the invention described in any one of claims 
20 B to 1 9, the peripheral protuberant portion is formed along an entire periphery of the end edge portion of the block. 

EFFECTS OF THE INVENTION 

[0037] Next, an effect of the pneumatic tire described in claim 1 will be described. 
25 [0038] As illustrated in Fig. 20A, the ground contact pressure distribution of each of blocks formed on a tread grad- 
ually increases from a central portion C to ends of the block and becomes high locally at the ends. 
[0039] It was considered from the above-described fact that an angle of inclination (including a curvature) of the 
chamfer portion be preferably made larger toward the end of the block as shown in Fig. 1 . 

[0040] The "angle of inclination" mentioned herein is an angle formed by an extension line of the surface at the cen- 
30 tral portion of the block tread surface in a cross sectional form of the block with respect to a tangential line of the chamfer 
portion. 

[0041] Due to the above-described structure or due to a combination of a plurality of chamfer forms, correction of 
the ground contact pressure corresponding to ununiformity of the ground contact pressure, which conventionally could 
not be corrected, becomes possible, and the ground contact pressure on the block tread surface can be equalized fur- 
35 ther. 

[0042] As a result, handling stability of the tire improves. 

[0043] Next, an effect of the invention described in claim 2 will be described. 

[0044] In the above-described structure, a portion of the block in which the ground contact pressure does not 
change so much (that is, the side of the center of the block) is formed as a straight line (a fixed angle of inclination) por- 
40 tion and a portion of the block in which the ground contact pressure changes greatly (that is, the side of the block end) 
is formed by at least one curved line portion having a fixed curvature. Therefore, although it is a simple structure, the 
ground contact pressure can be equalized. 

[0045] An effect of the invention described in claim 3 will be described. 

[0046] Due to the above-described structure, the side of the center of the block in which the ground contact pres- 
45 sure does not change so much, and the side of the block end in which the ground contact pressure changes greatly, are 
formed by two curved line portions having different curvatures. Therefore, in spite of a simple structure, equalization of 
the ground contact pressure can be accomplished. 

[0047] Further, when the side of the center of the block is formed as a straight line portion, only the side of the block 
end can be formed by two curved line portions having different curvatures. As a result, the ground contact pressure can 
so be equalized still more. 

[0048] An effect of the invention described in claim 4 will be described. 

[0049] When L1/L0 is less than 0.02, an effect of equalizing the ground contact pressure of the block tread surface 
by the chamfer portion is small. 

[0050] On the other hand, when L1/L0 is more than 0.3, the area of the central portion of the block decreases and 
55 there is a possibility that the handling stability may be deteriorated. 

[0051] Accordingly, it is preferable that L1/L0 is in the range from 0.02 to 0.3. 
[0052] An effect of the invention described in claim 5 will be described. 

[0053] When the distance measured, along a radial direction of the tire, between an extension line of the surface of 
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the block central portion and an intersection point of the chamfer portion and the groove wall surface is less than 0.1 0 
mm, an effect of equalizing the ground contact pressure by the chamfer portion is small. On the other hand, when the 
distance is greater than 2.50 mm, the ground contacting area decreases and the handling stability of the tire is deteri- 
orated. 

5 [0054] An effect of the invention described in claim 6 will be described. 

[0055] When H1/H0 is less than 0.75, the ground contacting area decreases and the handling stability of the tire is 
deteriorated. On the other hand, when the H1/H0 is 1 .0 or more, an effect of equalizing the ground contact pressure by 
the chamfer portion is small. 

[0056] An effect of the invention described in claim 7 will be described. 
10 [0057] The distribution of ground contact pressure between ends of the block varies depending on the measured 
direction (i.e., in the circumferential direction of the tire or in the transverse direction of the tire) or depending on the dis- 
tance from a corner of the block. 

[0058] Accordingly, due to the shape of the chamfer portion provided to correspond to the distribution of ground 
contact pressure being changed at a peripheral edge of the block, the ground contact pressure on the tread surface is 
is equalized further. 

[0059] An effect of the invention described in claim 8 will be described. 

[0060] When the conventional block whose height is fixed contacts the road surface, the ground contact pressure 
particularly becomes especially large at a ground contacting end of the block and becomes large at the central portion 
of the block, and relatively becomes small in a region of the block between the ground contacting end and the central 

20 portion (see Fig. 20A). As illustrated in Fig. 16, when the peripheral protuberant portion 20 is formed on the tread sur- 
face of the block 18 in the vicinity of the end edge of the block in such a manner that the height thereof gradually 
decreases toward the end edge of the block and toward the central portion of the block, the height of each of regions of 
the block at both sides of the peripheral protuberant portion 20, that is, the height of the block at the sides of the end 
edge and the central portion is lower than the peripheral protuberant portion 20. Accordingly, the ground contact pres- 

25 sure at the sides of the end edge and at the central portion of the block can be reduced and ununiformity of the ground 
contact pressure can be prevented. 

[0061] The circumferential grooves may be disposed parallel to the circumferential direction of the tire or may be 
inclined to the circumferential direction of the tire to a certain extent. 

[0062] The lateral (direction) grooves may merely intersect the circumferential (direction) grooves at the least. The 
30 lateral grooves may be disposed parallel to the transverse direction of the tire or may be inclined with respect to the 
transverse direction of the tire to a certain extent. 

[0063] Further, in order to prevent uneven wear which is locally caused by an ununiform distribution of the ground 
contact pressure, the peripheral protuberant portion is preferably raised by a gradual slope, that is, a contour line of the 
tread surface of the block in the cross section along the heightwise direction is preferably formed by a smooth curved 
35 line. 

[0064] An effect of the invention described in claim 9 will be described. 

[0065] In the pneumatic tire described in claim 9, the peripheral protuberant portion is formed In at least both end 
edge portions of the block in the cross section along the heightwise direction of the block. Therefore, ununiformity of the 
ground contact pressure in at least the vicinities of both end edges of the block can be suppressed and the ground con- 
40 tact pressure can be made uniform along the cross sectional direction of the block. 
[0066] An effect of the invention described in claim 1 0 will be described. 

[0067] In the pneumatic tire described in claim 10, the peripheral protuberant portion is disposed at both sides of 
the block in the circumferential direction of the tire, and therefore, ununiformity of the ground contact pressure of the 
block in the circumferential direction of the tire can be suppressed. As a result, an extremely local deformation of the 
45 block caused by braking/driving force is prevented and the handling stability improves. Further, uneven wear in the 
vicinity of the block end in the circumferential direction of the tire, which is caused by ununiformity of the ground contact 
pressure of the block in the circumferential direction of the tire, can be prevented. 

[0068] Furthermore, since the peripheral protuberant portion is formed at both sides of the block in the circumfer- 
ential direction of the tire, directionality of the tire is not caused. 

50 [0069] An effect of the invention described in claim 1 1 will be described. 

[0070] When the peripheral protuberant portion is formed on the tread surface of the block in the vicinities of the 
end edges of the block in the transverse direction of the tire In such a manner that the height thereof gradually 
decreases from the top of the peripheral protuberant portion, which is disposed toward the center of the block from the 
end edge of the block in the transverse direction of the tire, to the central portion of the block in the transverse direction 

55 of the tire and to the end edges of the block in the transverse direction of the tire, the ground contact pressure at ground 
contacting ends of the block in the transverse direction of the tire can be reduced and ununiformity of the ground contact 
pressure of the block in the transverse direction of the tire can be suppressed. 

[0071] Accordingly, occurrence of uneven wear in the vicinities of the block ends in the transverse direction of the 
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tire, which is caused by ununiformity of the ground contact pressure of the block in the transverse direction of the tire 
can be prevented. 

[0072] An effect of the invention described in claim 12 will be described. 

[0073] So long as the dimension HH1 is a positive value, an aim to alleviate concentration of the ground contact 
5 pressure is achieved. Therefore, the range of the dimension in which a desired effect is produced is wide. 

[0074] However, a deformation of the block is limited under application of input to the tire. For this reason, when the 
dimension HH1 is too large, (one or) some part of the tread surface of the block does not contact the road surface. That 
is, the ground contacting area of the block decreases. 

[0075] Accordingly, the upper limit of the dimension HH1 is set to be 2.5 mm so as to prevent an extreme decreas- 
10 ing the ground contacting area. 

[0076] On the other hand, when the dimension HH1 is less than 0.1 mm, an effect of reducing the ground contact 
pressure of the end edge of the block is small and an effect of preventing ununiformity of the ground contact pressure 
may not be sufficiently obtained. 

[0077] Accordingly, the dimension HH1 is in the range from 0.1 to 2.5 mm. 
75 [0078] The dimension HH1 is more preferably in the range from 0.3 to 1 .0 mm. 
[0079] An effect of the invention described in claim 13 will be described. 

[0080] When the dimension HH2 measured, along the radial direction of the tire, between a maximum depth portion 
at the central region of the block (that is, the lower end of the bottom of the peripheral protuberant portion) and the 
height position of the top of the peripheral protuberant portion is 0.1 mm or more, the ground contact pressure at the 

20 central portion of the block can reliably be reduced. 

[0081] An optimum value of the dimension HH2 is determined for each portion of the block depending on the com- 
pressive rigidity and shape of the block. The effect of the invention is produced when the dimension HH2 is greater than 
0. That is, so long as the dimension HH2 is a positive value, an aim at improvement is achieved. 
[0082] However, if this value is too large, the ground contacting area decreases (the central portion of the block 

25 does not contact the road surface), and deterioration in tire performances is caused. Therefore, the range of the dimen- 
sion in which an excellent effect is produced and the performances are maintained is 0.1 to 2.5 mm. 
[0083] An effect of the invention described in claim 14 will be described. 

[0084] When HH2/HH1 is 1 .5 or less, in the ground contact pressure distribution at the time of the block contacting 
the road surface, the ground contact pressure of the maximum depth portion (in the vicinity of the central portion of the 
30 block) and the ground contact pressure of the top of the peripheral protuberant portion approximate to each other. Fur- 
ther, when HH2/HH1 is 1.0 or less, the ground contact pressure in the vicinity of the maximum depth portion and the 
ground contact pressure of the top of the peripheral protuberant portion further approximate to each other. Therefore, 
this range is preferable. 

[0085] On the other hand, when HH2/HH1 is more than 1 .5, the ground contact pressure in the vicinity of the max- 
35 imum depth portion and the ground contact pressure of the top of the peripheral protuberant portion are different from 
each other, and equalization of the ground contact pressure cannot be achieved. 
[0086] An effect of the invention described in claim 15 will be described. 

[0087] When the dimension LL1 is 1 0.0 mm or less, the ground contact pressure can be equalized still more. When 
the dimension LL1 is set outside the above-described range, there is a possibility that the ground contact pressure may 
40 be made ununiform. 

[0088] The dimension LL1 is preferably in the range from 1 .5 to 6.0 mm, more preferably in the range from 1 .5 to 
4.0 mm. 

[0089] When the dimension HH1 is fixed and the dimension LL1 is variable, the shorter the dimension LL1 
becomes, the steeper the slope in the region is. The longer the dimension LL1 becomes, the shallower the slope in the 
45 region is. 

[0090] An effect of the invention described in claim 16 will be described. 

[0091] When it Is considered that the block size is fixed, the dimension LL2 is determined depending on the dimen- 
sion LL1 . In the general rectangular block, it is ideal in terms of a compressive rigidity distribution that the central portion 
of the block in section is smoothly recessed. In order to equalize the distribution of ground contact pressure, desirably, 

so the dimension LL2 is made larger than the dimension LL1 . 

[0092] In a block pattern having a special configuration, partial inversion of ground contact pressure may be caused 
depending on the cross sectional form. In this case as well, in most of arbitrary cross sectional forms, LL1/LL2 is 2.0 or 
less. Therefore, an excellent effect can be expected. 
[0093] An effect of the invention described in claim 1 7 will be described. 

55 [0094] When the dimension HH1 is less than or equal to the dimension LL1 in the cross sectional form of the block, 
an effect of equalizing the ground contact pressure distribution is enhanced. 

[0095] The reason therefor is given by deformation of the block. It is necessary that the curved line of the tread sur- 
face in the cross section of the block is smooth to a certain extent. 
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[0096] The reason is that the block end is lifted up from the road surface in an excessively sharply curved line, so 
that the ground contacting area of the block decreases and ununiformity of the ground contact pressure is caused at 
the block end. 

[0097] Accordingly, when HH1/LL1 is 1.0 or less, a uniform state of the ground contact pressure is obtained. 
5 [0098] An effect of the invention described in claim 1 8 will be described. 

[0099] When the dimension HH2 is less than or equal to the dimension LL2 in the cross section of the block, an 
effect of equalizing the ground contact pressure distribution is enhanced. 

[0100] The reason therefor is given by deformation of the block. It is necessary that the curved line of the tread sur- 
face in the cross section of the block is smooth to a certain extent. 
10 [0101] The reason is that the block end is lifted up from the road surface in an excessively sharply curved line, so 
that the ground contacting area decreases and ununiformity of the ground contact pressure is caused at the block end. 
[0102] Accordingly, when HH2/LL2 is 1.0 or less, a uniform state of the ground contact pressure is obtained. 
[0103] An effect of the invention described in claim 1 9 will be described. 

[0104] When T1/H0 is less than 0.75, a region of the block having the minimum height T1 , that is, a low region of 
is the block does not contact the road surface and there is a possibility that the ground contacting area of the block may 

decrease. On the other hand, when T1/H0 is 1, an effect of reducing the ground contact pressure is not obtained. 

Accordingly, in order to maintain the ground contacting area of the block and to reliably obtain the effect of reducing the 

ground contact pressure, T1/H0 is preferably set such that 0.75 < T1/H0 < 1 .0. 

[0105] An effect of the invention described in claim 20 will be described. 
20 [0106] The peripheral protuberant portion is formed along the entire periphery of the end edge of the block, and 

therefore, ununiformity of the ground contact pressure can be suppressed over the entire periphery of the end edge of 

the block and the vicinity thereof irrespective of the shape of the block. 

BRIEF DESCRIPTION OF THE DRAWINGS 

25 

[0107] 

Fig. 1 is a cross sectional view showing an end of a block and the vicinity thereof according to a first embodiment 
of the present invention. 

30 Fig. 2 is a plan view of a tread according to the first embodiment of the present invention. 

Fig. 3 is a cross sectional view showing an end of a block and the vicinity thereof according to another example of 
the present invention. 

Fig. 4 is a cross sectional view showing an end of a block and the vicinity thereof according to still another example 
of the present invention. 

35 Fig. 5 is a cross sectional view showing an end of a block and the vicinity thereof according to still yet another exam- 
ple of the present invention. 

Fig. 6 is a cross sectional view of a block taken along a circumferential direction of a tire and a graph showing 
ground contact pressure at various positions on a tread surface of the block. 

Fig. 7 is a cross sectional view of a block taken along a transverse direction of the tire and a graph showing ground 

40 contact pressure at various positions on the tread surface of the block- 
Fig. 8 is a cross sectional view showing a dimensional relationship of a peripheral protuberant portion. 
Fig. 9 is a diagram for illustrating directions in which input acts at the time of a test. 
Fig. 1 0 is a cross sectional view of a conventional block, which shows a worn state of the block. 
Fig. 11 is a cross sectional view of a block of a fourth embodiment of the present invention, which shows a worn 

45 state of the block. 

Fig. 12 is a table showing evaluation results obtained from an actual vehicle when the value of HH1 is changed. 

Fig. 13 is a table showing evaluation results obtained from an actual vehicle when the value of HH2 is changed. 

Fig. 14 is a table showing evaluation results obtained from an actual vehicle when the ratio HH2/HH1 is changed. 

Fig. 15 is a table showing evaluation results obtained from an actual vehicle when the ratio LL1/LL2 is changed. 
so Fig. 16 is a table showing evaluation results obtained from an actual vehicle when the ratio HH1/LL1 is changed. 

Fig. 1 7 is a table showing evaluation results obtained from an actual vehicle when the ratio HH2/LL2 is changed. 

Fig. 1 8 A is a plan view of a block of a pneumatic tire according to another embodiment of the present invention. 

Fig. 1 8B is a cross sectional view taken along the line 1 8{B)-1 8(B) in Fig. 1 8A. 

Fig. 19 is a cross sectional view of a block in a conventional tire. 
55 Fig. 20A is a diagram showing ground contact pressure distribution in a conventional pneumatic tire. 

Fig. 20B is a diagram showing a deformed block in the conventional pneumatic tire. 

Fig. 21 is a diagram showing a deformation state of a block in the conventional pneumatic tire. 

Fig. 22 is a cross sectional view showing an end of a block and the vicinity thereof in a conventional example. 
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Fig. 23 is a cross sectional view showing an end of a block and the vicinity thereof in another conventional example. 
Fig. 24 is a cross sectional view showing an end of a block and the vicinity thereof in still another conventional 
example. 

Fig. 25 is a plan view of a tread in a test example. 

5 

BEST MODES FOR CARRYING OUT THE INVENTION 
[First Embodiment] 

w [0108] A description will be given in detail of a pneumatic tire according to a first embodiment of the present inven- 
tion. Referring now to Figs. 1 to 4, the present embodiment will be described. 

[0109] As illustrated in Fig. 2, a pneumatic tire 10 includes a cylinder-shaped tread 12 extending between a pair of 
side walls (not shown) disposed parallel to each other. 

[0110] The tread 12 comprises a plurality of main grooves 14 formed along a circumferential direction of the tire 
75 (that is, the direction indicated by arrow P), and a plurality of lug grooves 16 formed along a transverse direction of the 
tire (that is, the direction indicated by arrow W). A plurality of blocks 1 8 are demarcated by the main grooves 1 4 and the 
lug grooves 16. 

[0111] These blocks 18 are each formed substantially into a rectangular parallelepiped in which a tread surface 20 
is a square whose lengths in transverse and circumferential directions of the tire are equal to each other. 
20 [0112] An end on the tread surface 20 of the block 1 8 is chamfered (a portion subjected to chamfering is hereinafter 
referred to as a chamfer portion 24). 

[01 13] A cross sectional fornn (of only the end of the block 1 8 and the vicinity thereof) of the block 1 8 in a direction 
oriented from a groove wall surface 22 tangent to the chamfer portion 24 of the block 1 8 toward a side wall opposite to 
the groove wall surface 22 so as to be substantially perpendicular to the groove wall surface 22, is shown in Fig. 1 . 
25 [0114] As described above, the cross sectional form of the chamfer portion 24 is formed in such a manner that a 
curvature of the chamfer portion 24 gradually increases from a central side of the block 1 8 to the groove wall surface 22 
in the vicinity of the end of the block 18 (that is, an angle of inclination 8 is made larger). Particularly, the curvature of 
the chamfer portion 24 is remarkably increased in the vicinity of the groove wall surface 22. 

[0115] A portion at the center of the tread surface 20 in the block 18, which is not chamfered, is hereinafter referred 

30 to as a central portion 21 . 

[01 1 6] Operations of the pneumatic tire 1 0 having the above-described structure will be described hereinafter. 
[0117] That is, the chamfer portion 24 is formed such that the curvature thereof gradually increases toward the 
vicinity of the groove wall surface (see Fig. 20A) in which the ground contact pressure remarkably increases. Therefore, 
an amount by which the ground contact pressure is suppressed increases toward the vicinity of the groove wall surface 

35 22 at which the ground contact pressure becomes maximum, and the ground contact pressure on the tread surface 20 
is equalized. 

[0118] It is, however, ideal but complicated that a subtle change of the curvature as represented by various func- 
tions be realized by a finished product. 

[0119] Accordingly, there is considered a simplified structure in which a block-center side 24A and a block-end side 
40 24B (near the groove wall surface 22) in the chamfer portion 24 are chamfered In different ways. 
[0120] There can be provided the following methods in this case: 

(1) the chamfer (contour) form (cross sectional form) of the block is provided by continuously forming two types of 
tapers in which an angle of inclination G of the block-end side 24B is larger than that of the block-center side 24A 

45 (see Fig. 3); 

(2) the chamfer form of the block is provided by continuously forming the block-center side 24A formed as a taper, 
and the block-end side 24B formed as an R-shaped curved line, that is, a curved line having a fixed curvature (see 
Fig. 4); and 

(3) the chamfer form of the block is provided by continuously forming the block-center side 24A formed as a curved 
so line having a radius of curvature R1 , and the block-end side 24B formed as a curved line having a radius of curva- 
ture R2 (R1>R2) (see Fig. 5). 

[0121] Among the above-described methods, it is desired that the methods (2) and (3) be used from the standpoint 
of equalization of ground contact pressure in the end of the block and the vicinity thereof. 
55 [0122] In order to ascertain the above-described operational effects, a handling stability test was conducted. 

[0123] Tires used for the test were radial tires whose size was 205/55R16. As illustrated in Fig. 2, a tread pattern 
of each tire is a combination of squares. The block size was 30 mm x 30 mm and the height of the block was 1 0 mm. 
[0124] First, in order to ascertain effects of the chamfer form, pneumatic tires of the following examples were used: 
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Example 1 : a chamfer form formed by a taper portion and an R-shaped curve (see Fig. 4) 
Example 2: a chamfer form formed by curved lines having radii of curvature R1 and R2 (R1 >R2) (see Fig. 5) 
Conventional example 1 : no chamfer formed 
Conventional example 2: a taper portion formed (see Fig. 22) 
5 Conventional example 3: a chamfer form formed by an R-shaped curve only tangent to a ground contact surface of 

the block (see Fig. 24) 

[0125] It is desirable that in Examples 1 and 2, the two curved lines be continuously connected to each other with 
a common tangent line at an intersection point. However, for the purpose of equalizing overall dimensions of the cham- 
w fer as far as possible, an approximate value which is close to a tangent continuous state is selected in this case. 
[0126] . Detailed dimensions are shown in Table 1. 

[0127] A feeling evaluation was conducted with a vehicle to which the above-described tires were mounted and 
which was run by an experienced driver on a test course road. The evaluation was made as an index with the result of 
the tire of the conventional example 1 being 100. The higher the index, the better the feeling evaluation. 
15 [0128] LO indicates a transverse dimension of the block along the cross sectional direction, L1 indicates a trans- 
verse dimension of the block along the cross sectional direction from the groove wall surface 22 to a boundary between 
the chamfer portion 24 and the central portion 21 . 

[0129] HO indicates the maximum height of the block and H1 indicates a height at an intersection point of the cham- 
fer portion 24 and the groove wall surface 22. 
20 [0130] The "height* mentioned herein means a dimension measured from the bottom of the main groove 1 4. 



TABLE 1 





Chamfer form 
Block-center side 


Chamfer form in a 
peripheral portion 
of block 


L1/L0 


H1/H0 


H1 


Score Of Evaluation 


Example 1 


Straight line (0.5 
mm chamfered in 
4mm) 


R4.0 


0.2 


0.85 


1.5 


115 


Example 2 


R16.25 


R4.0 


0.2 


0.85 


1.5 


122 


Conventional Exam- 
ple 1 












100 


Conventional Exam- 
ple 2 


Straight line (1.5mm 
chamfered in 6mm) 


«- 


0.2 


0.85 


1.5 


108 


Conventional Exam- 
ple 3 


R12.75 


<— 


0.2 


0.85 


1.5 


109 



40 

[0131] Next, in order to ascertain the difference in the effect based on the length L1 in the cross sectional direction 
to be chamfered in the case of n R1 +R2' in which the most excellent effect was obtained (Example 2), Examples 1 -1 to 
1-5 and Conventional example 1-1 (no chamfer formed) were compared. The same testing method and evaluation 
method are used. The test results are shown in Table 2. 

45 



TABLE 2 





L1/L0 


Score of evaluation 


Example 1-1 


0.01 


106 


Example 1-2 


0.02 


112 


Example 1-3 


0.15 


122 


Example 1-4 


0.29 


114 


Example 1-5 


0.31 


107 


Conventional Example 1-1 




100 
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Fixed condition: 
[0132] 



5 



H1/H0 


H1 


0.85 


1.5 



[0133] Further, in order to ascertain a desired height of chamfer in the case of "R1+R2', Examples 2-1 to 2-5 and 
Conventional Example 2-1 (no chamfer formed) were compared. The same testing method and evaluation method are 
used. The test results are shown in Table 3. 



TABLE 3 





H0-H1 


H1/H0 


Score of evaluation 


Example 1 -1 


0.05 


0.995 


• 102 


Example 1 -2 


0.10 


0.990 


112 


Example 1 -3 


1.25 


0.875 


122 


Example 1 -4 


2.5 


0.750 


112 


Example 1-5 


2.6 


0.740 


109 


Example 1-6 


3.0 


0.700 


103 


Example 1-7 


3.2 


0.680 


97 


Conventional Example 1 






100 



Rxed conditions: 



[0134] 

35 

L1/L0: 0.2 (two types of R: radius of curvature) 

[0135] It can be seen from Table 1 that the chamfer form proposed by the present invention, which approximates to 

an actual ground contact pressure distribution, be effective. Although the conventional chamfered structure improves 
40 the performance as compared with no chamfer structure, the above-described evaluation was conducted assuming the 

desired standard in this case being 1 10 or greater, which greatly differs from the conventional examples. 

[01 36] A preferred chamfer dimension is determined based on the above-described standard. The block size varies 

for each block pattern. It is preferable from Table 2 that a chamfer length L1 be 0.02 to 0.3 with the cross sectional length 

L0 of the block (along the transverse direction of the tire) being 1 . 
45 [0137] Further, it is desired from Table 3 that the height of chamfer (H0-H1) be 0.1 to 2.5 mm. Furthermore, a 

desired effect can be recognized when the height position of the intersection point of the chamfer portion 24 and the 

groove wall surface 22 is approximately 0.7 or greater with respect to the height of the block being 1 . 

[01 38] Moreover, even if an amount of chamfer is small (even if the height position of the intersection point is 0.995), 

the effect of an improvement in the handling stability is obtained. 
so [0139] The height position of the intersection point is more preferably 0.750 to 0.990. 



[Second Embodiment] 

[0140] Next, a second embodiment of pneumatic tire according to the present invention will be described. It should 
55 be noted that the same members as those of the first embodiment will be denoted by the same reference numerals, and 
a description thereof will be omitted. 

[0141] Fig. 6 shows a cross section of the block 18 taken along the circumferential direction of a tire and Fig. 7 
shows a cross section of the block 18 taken along the transverse direction of the tire. 
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' [0142] As illustrated in Figs. 6 and 7, a peripheral protuberant portion 26 is formed on a tread surface of the block 
18 in the vicinities of end edges of the block 18 both in circumferential and transverse directions of the tire. In the 
present embodiment, the peripheral protuberant portion 26 is continuously formed along the outer periphery of the 
block 18. 

5 [ [0143] A contour line of the peripheral protuberant portion 26 is preferably formed by a smooth curved line as 
shown in the above-described cross sectional views. 

[0144] In the peripheral protuberant portion 26, a top 26A is positioned further at the inner side of the block than an 
extension line of a side surface (groove wall) 18A of the block 18 and the height of the block 18 gradually decreases 
from the top 26A toward the end edge of the block 1 8 and also toward the central portion of the block 1 8. 
w [0145] Next, a description will be given of preferable ranges of the dimensions of the peripheral protuberant portion 
of the block 1 8, and the like. 

(1) As shown in Fig. 8, when a distance measured from an intersection point C of the side surface 18A of the block 
1 8 and the peripheral protuberant portion 26 to a height position of the top 26A of the peripheral protuberant portion 

15 26 along the radial direction of a tire (that is, the direction indicated by arrow D) is indicated by HH1 , the dimension 
HH1 is preferably in the range from 0.1 to 2.5 mm. 

(2) When a distance measured from a maximum depth portion 1 BB at the central region of the block 1 8 to the height 
position of the top 26A of the peripheral protuberant portion 26 along the radial direction of the tire is indicated by 
HH2, the dimension HH2 is preferably in the range from 0.1 to 2.5 mm. 

20 (3) It is preferable that HH2/HH1 is 1 .5 or less. 

(4) When a distance measured from the intersection point C to the top 26 A in the direction along the tread surface 
* of the block 1 8 is indicated by LL1 , the dimension LL1 is preferably 1 0.0 mm or less. 

(5) When a distance measured from the top 26A to the maximum depth portion 1 8B in the direction along the tread 
surface of the block 18 is indicated by LL2, LL1/LL2 is preferably 2.0 or less. 

25 (6) It is preferable that HH1/LL1 is 1 .0 or less. 

(7) It is preferable that HH2/LL2 is 1 .0 or less. 

(8) The ratio between the maximum height HO of the block 18 and the minimum height T1 of the block 18, that is, 
T1/H0 is preferably in the range of 0.75 < T1/H0 < 1.0 (see Fig. 8; the position of the minimum height T1 may be 
provided at the end edge of the block or at the central portion of the block). 

30 

Operation: 

[0146] Next, operation of the pneumatic tire 1 0 according to the second embodiment will be described. 

[0147] When a block having a fixed height contacts the road surface, the ground contact pressure becomes espe- 

35 cially large at a ground-contact end of the block and also becomes large at the central portion of the block, and becomes 
relatively small in a region between the ground-contact end and the central portion of the block. However, in a case in 
which as illustrated in Figs. 6 and 7, as the peripheral protuberant portion 26 is formed on the tread surface of the block 
1 8 in the vicinity of the end edge of the block in such a manner that the height of the block gradually decreases toward 
the end edge of the block and also toward the central portion of the block, the ground contact pressure at the end edge 

40 of the block and at the central portion of the block can be reduced when the block contacts the road surface (the states 
indicated by the phantom lines in Figs. 6 and 7). As can be seen from the graphs of ground contact pressure in Figs. 6 
and 7, the ground contact pressure can be equalized both in the circumferential and axial directions of the tire. 
[0148] In the present embodiment, ununiformity of the ground contact pressure in the circumferential direction of 
the tire can be prevented due to the peripheral protuberant portion 26 being formed at both sides of the block 1 8 in the 

45 circumferential direction of the tire. Therefore, occurrence of a buckling phenomenon caused by braking/driving force 
can be prevented and handling stability can be improved. Further, uneven wear in the vicinities of circumferential direc- 
tion ends of the tire, caused by uniformity of the ground contact pressure in the circumferential direction of the tire, can 
be suppressed. 

[0149] Moreover, since the peripheral protuberant portion 26 is also provided at both lateral ends of the tire, gener- 
50 ation of uneven wear in the vicinities of lateral ends of the tire, caused by ununiformity of the ground contact pressure 
in the transverse direction of the tire, can be suppressed. 

[0150] When the dimension HH1 is set in the range from 0.1 to 2.5 mm, ununiformity of the ground contact pressure 
can be prevented without reducing a ground-contacting area at the end edge of the block. 

[0151] When the dimension HH2 is set in the range from 0.1 to 2.5 mm, the ground contact pressure at the central 
55 portion of the block can reliably be reduced without reducing a ground-contacting area at the central portion of the 
block. 

[0152] When the ratio HH2/HH1 is set to be 1 .5 or less, the ground contact pressure in the vicinity of the maximum 
depth portion of the block (at the central portion of the block) and the ground contact pressure of the top 26A of the 



11 



05/09/2004, EAST Version: 1.4.1 



EP 1 074 405 A1 



peripheral protuberant portion 26 approximate to each other when the block 18 contacts the road surface. Therefore, 
the above-described numerical range is preferable. 

[0153] It is preferable that the dimension LL1 is 1 0.0 mm or less so as to allow further equalization of the ground 
contact pressure. 

5 [0154] It is preferable that LL1/LL2 is 2.0 or less so as to equalize the distribution of ground contact pressure of the 
rectangular block 18. 

[0155] It is preferable that HH1/LL1 is 1 .0 or less so as to realize a uniform state of the ground contact pressure. 
[0156] It is preferable that HH2/LL2 is 1 .0 or less so as to enhance the effect of equalization of the ground contact 
pressure distribution. 

10 [0157] Further, if the ratio between the maximum height HO of the block 18 and the minimum height T1 of the block 
18 (T1/H0) is set such that 0.75 < T1/H0 < 1.0, the ground contact area is maintained and the effect of reducing the 
ground contact pressure can reliably be obtained. Therefore, the above-described range is preferable. 
[0158] The test results on which the above-described numerical determination is based are shown below. 
[0159] These test results are evaluation results of handling stability obtained by using an actual vehicle, and are 

75 each expressed as an index with the tire having the conventional block with no chamfer being 100. The higher the index, 
the better the performance. Further, the above-described evaluation was conducted assuming the desired standard 
being 1 10 or greater, which greatly differs from the conventional example. 

[0160] Fig. 12 shows the evaluation results when the dimension HH1 measured from the intersection point C of the 
side surface 18A of the block 18 and the peripheral protuberant portion 26 to the height position of the top 26A of the 
20 peripheral protuberant portion 26 along the radial direction of the tire is changed at different values. 

[0161] It can be seen from the above-described results that the proper value of the dimension HH1 is 0.1 to 2.5 mm, 
more preferably 0.5 to 1 .2 mm. Further, when compared with the block in which only chamfer is provided, it can be seen 
that change in chamfering on the periphery of the block produces still more excellent effect. 

[0162] Fig. 13 shows the evaluation results when the dimension H2 measured from the maximum depth portion 
25 1 8B at the central region of the block 1 8 to the height position of the top 26A of the peripheral protuberant portion 26 
along the radial direction of the tire is changed at different values. 

[0163] It can be seen that the proper value in this case be desirably set at similar values to those of a corner portion 
in the cross section of the block. 

[0164] Fig. 14 shows the evaluation results when the ratio HH2/HH1 is changed at different values. 
30 [0165] It can be seen from the above-described results that an excellent effect can be obtained when the ratio 
HH2/HH1 is approximately 1 .5 or less. From the standpoint of obtaining the excellent effect, the HH2/HH1 is more desir- 
ably in the range of 0. 1 5 to 1 .0. 

[0166] Fig. 15 shows the evaluation results when the dimension LL1 measured from the intersection point C to the 
height position of the top 26A in the direction along the tread surface of the block 1 8 is changed at different values. 

35 [0167] At this time, the dimension LL2 which is a distance from the top 26A to the maximum depth portion 1 8B in 
the direction along the tread surface of the block 18 is given by subtracting the dimension LL1 from a half of the block 
length of the cross section in the transverse direction thereof (with the maximum depth portion 18B positioned at the 
central region of the block). It can be seen from the result that an excellent effect is exhibited when the dimension LL1 
is 10 mm or less. Further, it can also be seen that the ratio LL1/LL2 in this case be 2.0 or less. In order to obtain the 

40 most excellent effect, the dimension LL1 is set in the range from 1 to 6 mm. It can be seen that in this case the ratio 
LL1/LL2 is approximately in the range from 0.1 to 0.7. That is, the above-described numerical ranges indicates that the 
dimension LL1 at the side near the end of the block in the cross section is preferably shorter. 
[0168] Fig. 16 shows the evaluation results when the ratio HH1/LL1 is changed at different values. 
[0169] It can be seen from the above-described results that a desired effect is exhibited when the ratio HH1/LL1 is 

45 1 .0 or less and an excellent effect is exhibited when the ratio HH1 /LL1 is in the range from 0.1 to 0.7. The most excellent 
effect is exhibited when the ratio is in the range from 0.1 to 0.5. 

[0170] Fig. 1 7 shows the evaluation results when the relationship between HH2 and LL2 is changed in various man- 
ners. 

[0171] It can be seen from the above-described results that a desired effect is exhibited when the ratio HH2/LL2 is 
50 1 .0 or less, more preferably in the range from 0.06 to 1 .0. The most excellent effect can be obtained when the ratio is 
approximately in the range from 0.1 to 0.4. 

[0172] In either case, the evaluation result obtained by using an actual vehicle indicates that further improvement 
in the performance can be expected by changing chamfering on the circumference of the block. The reason is, as is 
considered, that a proper distribution of chamfering exists with respect to the ground-contacting characteristics influ- 
55 enced by the shape of the block itself. 
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[0173] In the above-described embodiment, the circumferential groove 14 extends along the circumferential direc 
tlon of the tire (i.e., the direction indicated by arrow A). and the lateral groove 16 extends along the transverse direction 
5 of the tire (i.e., the direction indicated by arrow B). However, the present invention is not limited to the same. The cir- 
cumferential groove 14 may be inclined with respect to the circumferential direction of the tire and the lateral groove 16 
may be inclined with respect to the transverse direction of the tire. 

[0174] Further, the block 18 of the above-described embodiment is rectangular, but the present invention is not lim- 
ited to the same. The shape of the block 1 8 when the tread 1 2 is seen from above may be a polygon such as a diamond 
10 shape, a hexagon, or an octagon depending on orientation of the circumferential groove 14 and the lateral groove 16, 
or provision of chamfering, notching, or the like. Alternatively, as shown in Fig. 18A, the block 18 may have a substan- 
tially U-shaped configuration or may also have a circular or ellipsoidal configuration. 

[0175] In the block 18 shown in Fig. 18A, the peripheral protuberant portion 26 (in this drawing, a region indicated 
by hatched lines) is formed along the end edge of the block. As shown in the cross sectional view of Fig. 18B, the 
is peripheral protuberant portion 26 is provided at three locations in the cross section, that is, at both end edges of the 
block and at the central portion thereof, depending on a position at which the block 18 is cut. 

Test Examples: 

20 [0176] In order to ascertain the effects of the present invention, eight types of tires according to examples to which 
the present invention is applied, and one type of conventional tire were prepared. The handling stability and ride comfort 
characteristic were evaluated by tests conducted with an actual vehicle. 

[0177] The tire size of each tire was 1 95/50R15 (having a tread pattern shown in Fig, 25) and a test using an actual 
vehicle was conducted with the tires filled with an internal pressure of 2.0 kg/cm 2 . 
25 [0178] Further, the block size was 30 mm (in the circumferential direction of the tire) x 20 mm (in the transverse 
direction of the tire) x 9 mm (in the height of the tire). 

[0179] The evaluation are shown in Table 4 below. This is a feeling evaluation by a test driver, and is expressed as 
an index with the conventional tire being 1 00. Further, the larger the value, the better the performance. Further, in the 
automobile market, so long as the index is 1 10 or high, an improvement in the performance is clearly recognized. 

30 



TABLE 4 



55 



Results obtained by using an actual vehicle 




LL1(mm) 
Maximum 
value 


HH1(mm) 
Maximum 
value 


LL2(mm) 
Maximum 
value 


HH2(mm) 
maximum 
value 


T1/H0 


Performance 














Handling 
stability 


Riding com- 
fort 


Conven- 
tional Exam- 
ple 










1.0 


100 


100 


Example 1 


1.0 


0.3 


17.0 


0.2 


0.97 


112 


100 | 


Example 2 


1.5 


0.3 


16.5 


0.4 


0.96 


114 


100 


Example 3 


3.0 


0.4 


15.0 


0.3 


0.96 


115 


100 


Example 4 


4.0 


0.8 


14.0 


0.6 


0.91 


121 


98 


Example 5 


5.0 


0.9 


13.0 


0.6 


0.90 


118 


99 


Example 6 


6.0 


1.0 


1.2.0 


1.0 


0.88 


116 


99 


Example 7 


8.0 


1.5 


10.0 


1.0 


0.83 


112 


98 


Example 8 


10.0 


2.5 


8.0 


2.0 


0.72 


108 


98 



[0180] It can be seen that in the tires of Examples 1 to 8 to which the present invention is applied, the handling sta- 
bility is improved as compared with the conventional tire. 
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[0181] Further, in the tire of Example 4 which was evaluated most highly, the ground contact pressure was evalu- 
ated below in the following tables 5 and 6. 



TABLE 5 



Comparison of standard deviation of ground contact pressure 
between the conventional tire and the tire of Example 4 




Conventional tire 


Tire of Example 4 


Input 1 


100 


66 


Input 2 


100 


55 


Input 3 


100 


54 


Input 4 


100 


51 


Input 5 


100 


54 


Input 6 


100 


55 


Input 7 


100 


54 


Input 8 


100 


51 


Input 9 


100 


54 


Average of total input 


100 


55 



TABLE 6 



Comparison of ground-contacting area between the conventional 
tire and the tire of Example 4 




Conventional tine 


Tire of Example 4 


Input 1 


100 


101 


Input 2 


100 


101 


Input 3 


100 


100 


Input 4 


100 


100 


Input 5 


100 


100 


Input 6 


100 


101 


Input 7 


100 


100 


Input 8 


100 


100 


Input 9 


100 


100 


Average of total input 


100 


100 



50 [0182] The input conditions and input numbers taken into consideration at this time are shown in Fig. 9. 

[0183] The input 1 is applied under a vertical load condition (corresponding to bearing stress of 4 kgf/cm 2 ). The 
input 2 to 8 are shearing force input in directions shown in Fig. 9 (evaluation with an amount of shear deformation of 1 
mm). 

[0184] In Table 5, the degree of equalization of ground contact pressure on a tread surface of a block is expressed 
55 as an index for each input The result of the above-described comparison indicates that ununiformity of the ground con- 
tact pressure is improved by 45%, on the average, in the standard deviation of ground contact pressure in a ground- 
contacting area. 

[0185] Further, in Table 6 in which an area of the ground-contacting area of the block is shown for each input, it is 
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suggested that the above-described improvement has been made without reducing the ground-contacting area and 
other performances are not apt to be adversely affected. 

[0186] The worn state of the block of Example 4 is shown in Fig. 1 1 and the worn state of the block in the conven- 
tional tire is shown in Fig. 1 0. In each of the drawings, the solid line indicates a cross section in the vicinity of the ground- 
5 contacting end of the block before wear, and the phantom line indicates a cross section in the vicinity of the ground- 
contacting end of the block after wear. 

[0187] In the block of the conventional tire, the ground-contacting end is locally and severely worn as shown in Fig. 
10. 

[0188] In the block of Example 4, a uniform worn state is realized as shown in Fig. 1 1 . 
10 [0189] It can be ascertained from the foregoing that local uneven wear be suppressed by making the tread surface 
of the block into a proper shape. 

Claims 

75 1 . A pneumatic tire in which a plurality of blocks demarcated by circumferential grooves extending in a circumferential 
direction of the tire and grooves intersecting the circumferential grooves, are provided on a tread, 

wherein at least a portion of a block edge is chamfered from the side of a block center to a groove wall sur- 
face of each of the blocks; 

20 a heightwise cross sectional form of a chamfer portion perpendicular to the groove wall surface is formed by a 

combination of a plurality of chamfer forms; and 

an angle formed by a tangential line of the chamfer portion with respect to a horizontal extension line of the 
surface of the block center in a heightwise cross section perpendicular to the groove wall surface increases 
from the side of the block center to the side of the block end. 

25 

2. A pneumatic tire according to claim 1 , wherein the cross sectional form of the chamfer portion is provided such that 
a portion of the cross sectional form of the chamfer portion on the block central side is formed as a straight line por- 
tion and a portion of the cross sectional form of the chamfer portion on the block end side is formed by at least one 
curved line portion having a fixed curvature. 

30 

3. A pneumatic tire according to claim 1 or claim 2, wherein the cross sectional form of the chamfer portion is com- 
prised of two curved line portions having different curvatures. 

4. A pneumatic tire according to any one of claims 1 to 3, wherein when in the heightwise cross section perpendicular 
35 to the groove wall surface, a length of the chamfer portion measured along a horizontal extension line of the surface 

of the block central portion is represented by LI and a likewise measured length of the block is represented by L0, 
the ratio L1/L0 is in the range from 0.02 to 0.3. 

5. A pneumatic tire according to any one of claims 1 to 4, wherein a distance, measured along a radial direction of the 
40 tire, between the horizontal extension line of the surface of the block central portion and an intersection point of the 

chamfer portion and the groove wall surface is in the range from 0.1 0 to 2.50 mm. 

6. A pneumatic fire according to any one of claims 1 to 5, wherein when a heightwise distance between a groove bot- 
tom of the block and the intersection point of the chamfer portion and the groove wall surface is represented by H1 

45 and the maximum height of the block is represented by HO, the ratio H1/H0 is greater than or equal to 0.75 and less 
than 1.0. 

7. A pneumatic tire according to any one of claims 1 to 6, wherein the cross sectional form of the chamfer portion 
changes at a peripheral edge of the block for each portion of the block. 

50 

8. A pneumatic tire according to any one of claims 1 to 7, wherein a peripheral protuberant portion is formed on a 
tread surface of the block in the vicinity of the end edge thereof in such a manner that the height of the block grad- 
ually decreases toward the block end edge and also toward the central portion of the block. 

55 9. A pneumatic tire according to claim 8, wherein the peripheral protuberant portion is formed in at least both end 
edge portions of the block in the cross section of the block taken along the heightwise direction. 

10. A pneumatic tire according to claim 8 or claim 9, wherein the peripheral protuberant portion is disposed in vicinities 
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of the end edges at both sides of the block in the circumferential direction of the tire. 

11. A pneumatic tire according to any one of claims 8 to 10, wherein the peripheral protuberant portion is disposed in 
vicinities of the end edges at both side of the block in the transverse direction of the tire. 

5 

12. A pneumatic tire according to any one of claims 8 to 1 1 , wherein a dimension HH1 measured along a radial direc- 
tion of the tire, between an intersection point of a groove wall surface of the block and the peripheral protuberant 
portion, and a height position of a top of the peripheral protuberant portion is in the range from 0.1 to 2.5 mm. 

10 13. A pneumatic tire according to any one of claim 8 to 12, wherein a dimension HH2 measured along the radial direc- 
tion of the tire, between a maximum depth portion in a central region of the block and the height position of the top 
of the peripheral protuberant portion is in the range from 0.1 to 2.50 mm. 

14. A pneumatic tire according to any one of claims 8 to 13, wherein the ratio between the dimension HH 1 measured 
15 along a radial direction of the tire, between an intersection point of a groove wall surface of the block and the periph- 
eral protuberant portion, and a height position of a top of the peripheral protuberant portion, and the dimension 
HH2 measured along the radial direction of the tire, between a maximum depth portion in a central region of the 
block and the height position of the top of the peripheral protuberant portion, that is, HH2/HH1 , is 1.5 or less. 

20 15. A pneumatic tire according to any one of claims 8 to 14, wherein a dimension LL1 measured in a direction of the 
tread surface, between the intersection point of the groove wall surface of the block and the peripheral protuberant 
portion, and the top of the peripheral protuberant portion is 10.0 mm or less. 

16. A pneumatic tire according to any one of claims 8 to 15, wherein the ratio between the dimension LL1 measured in 
25 a direction along the tread surface, between the intersection point of the groove wail surface of the block and the 
peripheral protuberant portion, and the top of the peripheral protuberant portion, and a dimension LL2 measured 
in the direction along the tread from the top of the peripheral protuberant portion to the maximum depth portion in 
the central region of the block, that is, LL1/LL2 is 2.0 or less. 

30 17. A pneumatic tire according to any one of claims 8 to 16, wherein the ratio between the dimension HH1 measured 
along a radial direction of the tire, between an intersection point of a groove wall surface of the block and the periph- 
eral protuberant portion, and a height position of a top of the peripheral protuberant portion, and the dimension LL1 
measured in a direction along the tread surface, between the intersection point of the groove wall surface of the 
block and the peripheral protuberant portion, and the top of the peripheral protuberant portion, that is, HH1/LL1 is 

35 1.0 or less. 

18. A pneumatic tire according to any one of claims 8 to 17, wherein the ratio between the dimension HH2 measured 
along the radial direction of the tire, between a maximum depth portion in a central region of the block and the 
height position of the top of the peripheral protuberant portion, and the dimension LL2 measured in the direction 

40 along the tread from the top of the peripheral protuberant portion to the maximum depth portion in the central 
region of the block, that is, HH2/LL2 is 1.0 or less. 

19. A pneumatic tire according to any one of claims 8 to 1 8, wherein the ratio between the maximum height HO and the 
minimum height T1 of the block, that is, T1/H0 is set in the range of 0.75 < T1/H0 < 1 .0. 

45 

20. A pneumatic tire according to any one of claims 8 to 1 9, wherein the peripheral protuberant portion is formed along 
an entire periphery of the end edge of the block. 

Amended claims under Art 19.1 PCT 

50 

1. (amended) A pneumatic tire in which a plurality of blocks demarcated by circumferential grooves extending in a 
circumferential direction of the tire and grooves intersecting the circumferential grooves, are provided on a tread, 

wherein at least a portion of a block edge is chamfered from the side of a block center to a groove wall sur- 
face of each of the blocks; 

55 

a heightwise cross sectional form of a chamfer portion perpendicular to the groove wall surface is formed by a 
combination of a plurality of chamfer forms; 

an angle formed by a tangential line of the chamfer portion with respect to a horizontal extension line of the 
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surface of the block center in a heightwise cross section perpendicular to the groove wall surface increases 
from the side of the block center to the side of the block end; and 

a heightwise cross sectional form of the chamfer portion is provided such that the side of the central portion of 
the block thereof is formed as a straight line portion and the side of the block end thereof is formed by at least 
5 one curved line portion having a fixed curvature. 

2. (deleted) 

3. (amended) A pneumatic tire according to claim 1 , wherein the cross sectional form of the chamfer portion is com- 
w prised of two curved line portions having different curvatures. 

4. A pneumatic tire according to any one of claims 1 to 3, wherein when in the heightwise cross section perpendic- 
ular to the groove wall surface, a length of the chamfer portion measured along a horizontal extension line of the 
surface of the block central portion is represented by L1 and a likewise measured length of the block is represented 

w by LO, the ratio L1/L0 is in the range from 0.02 to 0.3. 

5. A pneumatic tire according to any one of claims 1 to 4, wherein a distance, measured along a radial direction of 
the tire, between the horizontal extension line of the surface of the block central portion and an intersection point of 
the chamfer portion and the groove wall surface is in the range from 0.1 0 to 2.50 mm. 

20 

6. A pneumatic tire according to any one of claims 1 to 5, wherein when a heightwise distance between a groove 
bottom of the block and the intersection point of the chamfer portion and the groove wall surface is represented by 
H1 and the maximum height of the block is represented by HO, the ratio H1/H0 is greater than or equal to 0.75 and 
less than 1.0. 

7. A pneumatic tire according to any one of claims 1 to 6, wherein the cross sectional form of the chamfer portion 
changes at a peripheral edge of the block for each portion of the block. 

8. (amended) A pneumatic tire in which a plurality of blocks demarcated by circumferential grooves extending in a 
30 circumferential direction of the tire and grooves intersecting the circumferential grooves, are provided on a tread, 

wherein a peripheral protuberant portion is formed on a tread surface of the block in the vicinity of the end 
edge thereof in such a manner that the height of the block gradually decreases toward the block end edge and also 
toward the central portion of the block. 

35 9. A pneumatic tire according to claim 8, wherein the peripheral protuberant portion is formed in at least both end 
edges of the block in the cross section of the block taken along the heightwise direction. 

10. A pneumatic tire according to daim 8 or claim 9, wherein the peripheral protuberant portion is disposed in vicin- 
ities of the end edges at both sides of the block in the circumferential direction of the tire. 

40 

1 1 . A pneumatic tire according to any one of claims 8 to 1 0, wherein the peripheral protuberant portion is disposed 
in vicinities of the end edges at both side of the block in the transverse direction of the tire. 

12. A pneumatic tire according to any one of claims 8 to 1 1, wherein a dimension HH1 measured along a radial 
45 direction of the tire, between an intersection point of a groove wall surface of the block and the peripheral protuber- 
ant portion, and a height position of a top of the peripheral protuberant portion is in the range from 0.1 to 2.5 mm. 

13. A pneumatic tire according to any one of claims 8 to 12, wherein a dimension HH2 measured along the radial 
direction of the tire, between a maximum depth portion in a central region of the block and the height position of the 

so top of the peripheral protuberant portion is in the range from 0.1 to 2.50 mm. 

14. A pneumatic tire according to any one of claims 8 to 13, wherein the ratio between the dimension HH1 meas- 
ured along a radial direction of the tire, between an intersection point of a groove wall surface of the block and the 
peripheral protuberant portion, and a height position of a top of the peripheral protuberant portion, and the dimen- 

55 sion HH2 measured along the radial direction of the tire, between a maximum depth portion in a central region of 
the block and the height position of the top of the peripheral protuberant portion, that is, HH2/HH1, is 1 .5 or less. 

15. A pneumatic tire according to any one of claims 8 to 14, wherein a dimension LL1 measured in a direction of 
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the tread surface, between the intersection point of the groove wall surface of the block and the peripheral protu- 
berant portion, and the top of the peripheral protuberant portion is 10.0 mm or less. 

1 6. A pneumatic tire according to any one of claims 8 to 1 5, wherein the ratio between the dimension LL1 measured 
5 in a direction along the tread surface, between the intersection point of the groove wall surface of the block and the 

peripheral protuberant portion, and the top of the peripheral protuberant portion, and a dimension LL2 measured 
in the direction along the tread from the top of the peripheral protuberant portion to the maximum depth portion. in 
the central region of the block, that is, LL1/LL2 is 2.0 or less. 

10 17. A pneumatic tire according to any one of claims 8 to 16, wherein the ratio between the dimension HH1 meas- 
ured along a radial direction of the tire, between an intersection point of a groove wall surface of the block and the 
peripheral protuberant portion, and a height position of a top of the peripheral protuberant portion, and the dimen- 
sion LL1 measured in a direction along the tread surface, between the intersection point of the groove wall surface 
of the block and the peripheral protuberant portion, and the top of the peripheral protuberant portion, that is, 

75 HH1/LL1 is 1.0 or less. 

18. A pneumatic tire according to any one of claims 8 to 17, wherein the ratio between the dimension HH2 meas- 
ured along the radial direction of the tire, between a maximum depth portion in a central region of the block and the 
height position of the top of the peripheral protuberant portion, and the dimension LL2 measured in the direction 

20 along the tread from the top of the peripheral protuberant portion to the maximum depth portion in the central 
region of the block, that Is, HH2/LL2 is 1 .0 or less. 

1 9. A pneumatic tire according to any one of claims 8 to 18, wherein the ratio between the maximum height HO and 
the minimum height T1 of the block, that is, T1/H0 is set in the range of 0.75 < T1/H0 < 1 .0. 

20. A pneumatic tire according to any one of claims 8 to 19, wherein the peripheral protuberant portion is formed 
along an entire periphery of the end edge of the block. 

21 . (added) A pneumatic tire according to any one of claims 8 to 20, wherein at least a portion of a block edge is 
30 chamfered from the side of a block center to a groove wall surface of each of the blocks; and 

an angle formed by a tangential line of the chamfer portion with respect to a horizontal extension line of the 
surface of the block center in a heightwise cross section perpendicular to the groove wall surface increases 
from the side of the block center to the side of the block end. 

35 

22. (added) A pneumatic tire according to claim 21 , wherein said angle increases smoothly toward the side of the 
block end. 
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No. 


HH1 j 




13-1 


0.0 


108 


13-2 


0.1 


114 


13-3 


0.5 


124 


13-4 


0.7 


127 


13-5 


1.2 


123 


13-6 


2.5 
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13-7 


3.0 


107 



-EVALUATION CONDUCTED 
WITH ACTUAL VEHICLE 



OTHER CONDITIONS 



(mm) 



LL1 


LL2 


HH2 


2.5 


12.5 


0.15 
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98 
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